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Health problem along decades

Plasma and blood derivatives have a long 
story of disease transmission. 

The progressive control in the production 
methods has brought a sharp improvement in 
the global safety of them.
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Virus in blood derivatives

• HAV

• HBV

• HCV

• HIV-1, HIV-2

• Parvovirus B19
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The control of potential biological contamination 
on the biological products as blood derivatives 
can be achieved:

– Evaluating the raw materials (as blood),

– Evaluating capabilities of the manufacturing 
process,

– Evaluating product at proper manufacturing 
steps.

Mechanisms of control
IRTA
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Mechanisms of control (2)

Troubles:

• There is not single assay to determine
occurrence/absence of known biological
agents,

• The low level of contamination handicapped
the positiveness,

• Statistical consideration regarding the
sampling.
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To validate the capability of a 
step/process in the inactivation or 

elimination of viruses.

"Solution"
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Capabilities of the process on the 
viral inactivation

The manufacturing processes of blood derivatives 
must to implement viral inactivation steps. Only 
those steps potentially able to have an inactivating / 
eliminating effect on viruses have to be validated.

It’s currently useful to add two effective steps, 
different but complementary: at least one of them 
should be effective against non-enveloped viruses.
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Treatments

• Thermal,

• Solvent-Detergent (SD),

• UV radiation,

• Nanofiltration (physical separation),

• Others.
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• Pasteurization (albumin):
– Stabilizers and how eliminate them,
– Conformational alterations and generation of 

neo-antigens,
– Effective (VIH, VHA, VHB, VHC); Ineffective 

(Parvovirus, SV40, Reovirus 3).

• Dry heat:
– Lyophilised substances bring to 60 – 100C,
– Efficiency lower than pasteurization.

• Steam treatment:
– Vapour pressure and high humidity.

Thermal treatments 
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Biesert et al., 1995. Blood Coagulation and Fibrinolysis

Thermal treatments (2)
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Thermal treatments (3)
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Dichtelmüller et al., 1996. Biologicals

Thermal treatments (4)
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Thermal treatments (5)

 Inactivation 
Virus Genome Envelope Dry heat SD 

HIV ssRNA yes  6.6  0.5  6.6  0.5 

BVDV ssRNA yes  6.6  0.3  6.8  0.2 

VSV ssRNA yes  5.8  0.1  4.7  0.1 

HAV ssRNA no  5.3  0.6 NT 

Reo dsRNA no  6.0  0.3     0.5  0.3 

PSR dsDNA yes    5.7  0.6  6.8  0.3 

SV40 dsDNA no  1.0  1.0 

BPV ssDNA no    1.4  0.8  1.0 
 

Dichtelmüller et al., 1996. Biologicals
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Thermal treatments (6)
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Solvent-Detergent treatment

• Incubation of plasmatic proteins in 
combination with:
– Organic Solvent (TNBP),

– Detergent (Tween 80, Triton X-100, sodium cholate)

– Temperature (24 - 30C)

– Gentle agitation up to 6 hours.

Impressive step forward in the inactivation of 
enveloped viruses: No description of transmission of 
HBV, HCV or HIV in blood derivatives previously treated 
with SD.
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Solvent/Detergent treatment (2)

• Advantages:
– Enormous potential activity on any enveloped viruses,
– Relatively simple technology and equipment,
– No generation of protein neo antigens,
– no denaturing agent: excellent rate of protein 

recuperation.

• Drawbacks:
– Elimination of solvent-detergent: ultra-filtration, protein 

precipitation or protein affinity chromatography,
– No final step (extreme care to avoid recontamination),
– No effect on non enveloped viruses as HAV and 

Parvovirus B19.
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Solvent-Detergent treatment (3)

Seitz et al., 2002. Biologicals
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Solvent-Detergent treatment (4)
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Solvent-Detergent treatment (5)

Roberts, P. 2000. Biologicals
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UV radiation

• UV-C:
– Alterations in nucleic acids,

– Occurrence/addition of quenchers (rutin) 
avoid/reduce protein modifications.

• UV + -propiolactone (cold 
sterilization):
– Good efficacy on HAV, HBV, HCV and HIV,

– Significant loss of biological activity (FVIII).
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UV radiation (2)
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Chin et al., 1995. Blood

UV radiation (3)
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Nanofiltration treatments

Segregation of protein and viruses regarding its size.

– Membranes from 15 to 45 nm,

– Several commercial systems,

– Relatively simple technology,

– Potential application to all plasma and blood 
derivatives,

– Critical parameters: flux, working pressure and 
rate protein solution volume vs filtration 
surface,

– Currently run just before aseptic filling to avoid 
ulterior cross-contamination. 
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Nanofiltration treatments (2)

Advantages:

– Integrity of filters and capability of viral elimination can be 
validated,

– No patent to pay,

– No denaturing; high rate of protein recovery,

– Viral elimination regarding its size and the pore of the 
nanofilter used.

Drawbacks:

– Cost of the nanofilters,

– It is not suitable to protein concentrates of high molecular 
weight.
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Nanofiltration treatments (3)
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Haemophilia 9,24-37.

25VetBioNet Deliverable 5.6



Troccoli et al., 1998. Biologicals

Nanofiltration treatments (4)

IRTA

26VetBioNet Deliverable 5.6



Troccoli et al., 1998. Biologicals

Nanofiltration treatments (5)
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Other treatments

• Acid pH (IgG):
– pH 4 at 30 – 37C along 20 hours strongly 

effective against enveloped viruses as HIV, 
VSV, CMV and HSV,

– Scarce effect on non enveloped viruses as 
poliovirus.

• Gamma radiation
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Gamma radiation

Grieb et al., 2002. Biologicals
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IRTA

Gamma radiation (2)
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Clinical evidence of transmission of infectious 
agents through blood derivatives

Virus Plasma Albumin Clotting factors 

before VIS

Clotting factors after 

Viral Inac. Steps (VIS)

HIV + - + -
HBV + - + -
HCV + - + -
HDV + - + (scarce) -
HAV + - + (scarce) + (scarce)

PB19 scarce - + +

EIV: Etapas de inactivación vírica
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Viral elimination in commercial plasma products

Product SD Pasteuriz. Vapor Dry 

heat

pH4 B-propiolact. Nanofiltr.

Albumin +++
IMIgG and 

IVIgG
++ ++ +++ + +

Factor VIII +++ + + ++ +

Factor IX +++ + + + ++

C. Protrombin + + + +
Factor VII + +
Factor XI + + +
Fibrinogen ++ + + + +
Antithrombin III + ++ +
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European Agency for the Evaluation of Medicinal Products

(EMEA).

•Scientific advice on quality, safety and efficacy of medical products

for human or animal health,

•Organize quick, transparent and efficient procedures for the

authorization, surveillance and, if necessary, withdraw of medical

products.

consult   w.w.w.msc.es      w.w.w.eudra.org
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Objectives of viral validation 
studies

• To demonstrate that the manufacturing process will 
inactivate/eliminate the viruses occurring in the raw 
materials and,

• to make evident that the manufacturing process will 
have the capability to eliminate or withdraw new 
and/or unpredictable viral contaminations.

• The killing of all viruses potentially retained in a 
manufacturing step have to be demonstrated 
previously to the reutilization of its 
components/reagents.
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Design of viral validation study

Relevant viruses: those viruses potentially occurring in the raw 
materials involved in the manufacturing process, or viruses of the 
same specie. 

When relevant viruses are not available, they will be replaced by 
specific model viruses (surrogate), so, viruses with similar / 
equivalent characteristics to the aforementioned.

The study of robustness of a particular step/process must be 
performed with non specific model viruses with special preference  
for the most resistant ones.

The choice of viruses to be studied is 
critical.
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VIRUS Family Morphology Genome Stability 

VHA Picornaviridae Icosahedral non enveloped ss RNA Very High 

PV Picornaviridae Icosahedral non enveloped ss RNA High 

PVP Parvoviridae Icosahedral non enveloped ss DNA Very high 

ADV Adenoviridae Icosahedral non enveloped ds DNA High 

BVDV Flaviviridae Icosahedral enveloped ss RNA Low 

BPV Paramyxoviridae Icosahedral enveloped ss RNA Low 

HSV-1 Herpesviridae Icosahedral enveloped ds DNA Low 

VV Poxviridae Complex virus ds DNA Moderate 

 

Design of viral validation study (2)
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• The number of spiked viruses should be the higher
possible (but not more than 10% of total volume),

• The viral titration will be immediate; avoid dialysis,
ultracentrifugation, storage at any temperature,

• The quantitative assays (viral titrations) must be
done following GLP, with adequate sensibility and
reproducibility.

• The objective is to reach Reduction Factor (FR)
higher than 4 log10.

Design of viral validation study (3)
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• Different laboratory virus strains; different sensibilities 
to the treatment; different aggregation rates…,

• Viruses persisting specific treatment step can be less 
susceptible to the other following steps, which can 
alter the kinetics of inactivation, 

• The scale down ARE NOT a manufacturing process,

• The summa of RF from multiple steps, including those 
less effective ( 1 log10) can overestimate the true 
potential of virus elimination of the whole process.

Limitations of validation studies

IRTA

39VetBioNet Deliverable 5.6



Limitations of validation studies

All viral validation studies must be 
considered as approaches to the actual 
capabilities of the manufacturing process.

Pay attention!! Any relevant change in 
the manufacturing process should imply a 
new validation study.
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Thanks a lot for 

your attention. 

Questions?
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